The mechanism by which the antigen-specific immune system distinguishes between foreign antigens (toward which it mounts an immune response) and self-antigens (of which it is tolerant) is not completely understood. Studies using "superantigens" and transgenic mice have allowed investigations into some of the mechanisms of clonal deletion, anergy, and peripheral tolerance. In the present report, we have attempted to develop a new model system to investigate the possible mechanism(s) eripheral tolerance to allografts. In this system, skin grafts from C57BL/6J (B6; H-2 u mice are grafted onto T-and B-lymphocyte-deficient C.B-17-scid/scid (H-2a; hereafter referred to as scid) mice. Because of their lack of functional lymphocytes, the scid mice readily accept the allogeneic skin grafts. After the allografts healed, the scid mice were reconstituted with T-cell-deficient fetal liver from coisogeneic C.B-17-/-/ mice or bone marrow from weanling congenitally athymic BALB/c-nu/nu (H-2a; hereafter referred to as nude) mice. Upon immunological reconstitution, the scid mice reiected the established B6 skin allografts, suggesting that an immune system developing in the presence of an intact peripheral skin allograft fails to develop tolerance to the peripheral allograft. This model system may be useful for the study of the mechanisms required for the induction of peripheral tolerance.
INTRODUCTION
Over the past few years, two major technical advances have allowed the issue of self-tolerance to be examined in greater detail. First has been the observation that significant percentages of T lymphocytes are responsive to a group of "superantigens" including those encoded by the major histocompatibility complex (MHC) I-E genes, minor lymphocyte stimulatory (Mls) loci, and certain bacterial toxins (for reviews, see Webb and Sprent, 1989; Blackman et al., 1990; Kisielow et al., 1991) . This has had a major impact on the understanding of tolerance to antigens expressed in the thymus by cells of the lymphoid/bone marrow lineage and suggests that there are at least two distinct mechanisms, clonal deletion *Corresponding author. and clonal anergy, by which T lymphocytes with the potential to be autoaggressive are inactivated. Second has been the development of transgenic mice useful in the study of the establishment of tolerance to immunogens that are expressed in a tissue-specific manner, particularly by solid tissues of nonlymphoid nature (MacDonald, 1989; Allison et al., 1990; Hanahan, 1990;  Lo, 1990; Lo et al., 1991) . Observations in transgenic mice have supported the concept that this form of antigen presentation by non-professional antigen-presenting cells (APC) results in clonal anergy and the induction of peripheral tolerance.
In the present study, we sought to develop a strategy to examine the development of tolerance to extrathymically expressed alloantigens by solid tissues, where more than one cell type might express the alloantigen. Ideally, we (Holub, 1989; Vaesseen et al., 1986) . Thus, although it cannot be formally excluded that transferred preformed T cells in the nude bone marrow inoculum contributed to the graft rejection, our use of young (4-6 weeks of age) nude mice as bone marrow donors reduced this possibility. In addition, the possible contribution of T lymphocytes from the skin graft itself was reduced by the use of skin from nude mice, and further studies in our laboratories using scid mice as skin-graft donors support this conclusion.
Of particular interest is the difference in our results to that observed in many of the transgenic experiments. Although many possible explanations might explain our divergent results, at least two likely possibilities readily emerge. In the transgenic studies, when an alloantigen is expressed in a strictly cell-and tissue-specific manner, the immune system of the animal is tolerant (Hanahan et al., 1989; Lo, 1990; Miller et al., 1990; Lo et al., 1991 Schuler and Steinman, 1985; Heufler et al., 1987) . In contrast, in the transgenic systems of peripheral tolerance, the expression of the alloantigens is confined exclusively to that of class II-negative, nonprofessional APC. The in vitro tolerization model described by Schwartz et al. (1990) (Lacey and Davey, 1984) . Therefore, in a preliminary experiment, we analyzed the effect of prolonged graft healing before immunological reconstitution. A C.B-17-scid/scid mouse with an intact C57BL/6-scid/scid skin graft was reconstituted 20 weeks later with BALB/c-nu/nu bone marrow. This time period of graft survival should have allowed Langerhans cells in the graft to turn over prior to bone marrow reconstitution. However, 8 weeks after reconstitution, the graft was rejected. This preliminary experimental result suggests that the presence (or absence) of Langerhans cells in the skin grafts may not be the sole crucial element in determining graft survival. This is consistent with the observations of Streilein et al. (1979 Streilein et al. ( , 1982 Skin Grafting. Skin graft donors were shaved, and approximately 2x2-cm full-thickness skin grafts were prepared and grafted onto the flanks of the scid mice (see text for details of specific donor and recipient groups). Skin-graft rejection was evaluated daily and the end point was defined as the day when 50% of the skin graft detached from the graft bed (Medawar, 1944; Billingham and Medawar, 1951; Klein, 1975) .
Adoptive Transfer.
Single-cell suspensions of fetal liver, bone marrow, or spleen were suspended at a concentration of 20x106/ml and 0.5 ml was injected i.v. into the tail vein of unirradiated scid mice.
Cytotoxic T-Cell Precursor Assay. This assay was performed as previously described (Woan et al., 1981 (Woan et al., 1981) .
